Normal prostatic development and some prostatic diseases involve altered expression of the cell-cycle regulators p27 and p21 (also known as CDKN1B and CDKN1A, respectively). To determine the role of these proteins in the prostate, we examined prostatic phenotype and development in mice lacking p27 and/or p21. In p27-knockout (p27KO) mice, epithelial proliferation was increased 2-and 3.8-fold in the ventral and dorsolateral prostate, respectively, versus wild-type (WT) mice, although prostatic weights were not different. Epithelial apoptosis was increased in p27KO mice and may account for the lack of a concurrent increase in weight. Testosterone deficiency observed in this group was not the cause of this increase, because vehicleand testosterone-treated p27KO mice had similar percentages of apoptotic cells. Also observed was a trend toward a decreased functional epithelial cytodifferentiation, indicating a potential role of p27 in this process. Conversely, dorsolateral prostate and seminal vesicle (SV) of p21-knockout (p21KO) mice, and all prostatic lobes and SV of p21/p27 double-knockout mice, weighed significantly less compared to the WT mice, and their epithelial proliferation was normal. Decreased testosterone concentrations may contribute to the decreased prostatic weights. However, other factors may be involved, because testosterone replacement only partially restored prostatic weights. We conclude that loss of p27 increases prostatic epithelial proliferation and alters differentiation but does not result in prostatic hyperplasia because of increased epithelial cell loss. The p21KO mice showed phenotypes distinctly different from those of p27KO mice, suggesting nonredundant roles of p21 and p27 in prostatic development. Loss of p27 or of both p21 and p27 results in serum testosterone deficiency, complicating analysis of the prostatic effects of these cell-cycle regulators.
INTRODUCTION
Prostate cancer and benign prostatic hyperplasia (BPH) are two leading health problems in men worldwide, and dysregulated epithelial cell proliferation is characteristic of each. Elucidating the mechanism by which regulation of prostatic cell proliferation and differentiation normally occurs is critical for understanding these diseases. Cell-cycle regulators, such as p27 Kip1 and p21 Cip1 (also known as CDKN1B and CDKN1A, respectively), are important in control of cell proliferation and differentiation in many organs, and recent studies have indicated abnormal expression of these proteins in prostatic diseases.
A major site for regulation of cell proliferation is the G 1 phase of the cell cycle. If a cell passes the G 1 restriction point, then it is committed to proceed into the S phase and, subsequently, to divide. This G 1 /S progression is regulated by cyclin-dependent kinases (CDKs), which are activated through association with cyclins (for review, see [1] ). When these kinases are active, they phosphorylate retinoblastoma proteins, which are normally bound to E2F transcription factors. Following phosphorylation of retinoblastoma proteins, E2F proteins are released and activate genes that cause cells to proceed into the S phase [2] . Activity of cyclin/CDK complexes is inhibited by cyclin-dependent kinase inhibitors (CDKIs), comprised of the Ink4 and Cip/ Kip families. The latter Cip/Kip family consists of p27 Kip1 [3, 4] , p21 Cip1 [5] [6] [7] , and p57 Kip2 [8, 9] , and it regulates the activity of cyclin E/CDK2 and cyclin D/CDK complexes.
Recent studies suggest both p27 and p21 are involved in normal prostatic development and may be regulated by androgens [10, 11] . In normal mouse prostate, p27 protein expression begins during development and is high in adult prostatic epithelium (unpublished results), whereas p21 is only transiently expressed in prostatic epithelium during development [12] . Castration results in decreased androgenic stimulation, apoptosis of prostatic epithelial cells, and prostatic atrophy. Waltregny et al. [10] reported that this postcastration atrophy was associated with significant increases in p27. Furthermore, testosterone (T) treatment of castrated mice decreased prostatic p27 protein concentrations, allowing epithelial proliferation, which continued until p27 and p21 levels rose and inhibited further proliferation.
Altered expression of both p27 and p21 occur in prostatic diseases. For example, p27 is decreased in prostatic cancer and BPH [13] , and this may be linked to increased epithelial proliferation in these diseases. Treating LNCaP human prostate cancer cells with interleukin-6 [14] or the flavonoid-antioxidant silibinin [15] resulted in G 1 arrest and differentiation, which coincided with increased p27 expres-sion. Abnormal expression of p21 also has been reported to be associated with altered prostatic phenotypes. The transient expression of p21 during prostatic development is not observed in rats that have been estrogenized neonatally, and these animals later develop prostatic hyperplasia [12] . Human prostate cancer xenografts in mice showed transient expression of p21 after androgen withdrawal (castration), and androgen-independent prostate cancer was associated with an increase in p21 expression [16] .
The importance of p27 and/or p21 in regulating overall body growth as well as cell proliferation in testis [17, 18] , ovary [19] , adipose [20] , and pituitary [21, 22] has been established through use of knockout mouse models [21] [22] [23] [24] . Prostates of p27-knockout mice were reported previously to have an increase in epithelial proliferation without an increase in prostatic weight [13] . However, the prostatic phenotype of mice lacking p21 has not been examined. Therefore, we studied prostatic phenotype and development in mice lacking p21 and/or p27. Our results show that p27 has a role in inhibiting prostatic epithelial proliferation and apoptosis and, perhaps, in promoting differentiation. Although lack of p21 does not increase prostatic epithelial proliferation, determining the effects of p21 and p27 is complicated by our unexpected findings of low androgen in mice lacking p27 or both p21 and p27.
MATERIALS AND METHODS

Animals
All mice were generated from our colony at the University of Illinois, Urbana-Champaign. Male wild-type (WT) and p27 single-knockout (p27KO) [21] mice were obtained by crossing Cdkn1b ϩ/Ϫ males and females. The p21KO mice [24] and double-knockout (DBKO) mice [19] , which lacked both p21 and p27, were obtained by crossing Cdkn1a
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ϩ/Ϫ males and females. Genotypes of pups were determined by polymerase chain reaction (PCR) using genomic DNA obtained from tail lysis.
Mice were housed under controlled lighting (photoperiod, 12L:12D; lights-on at 0700 h) and temperature (22ЊC), and they were fed a standard diet ad libitum. All animal experiments were approved by the Institutional Animal Care and Use Committee of the University of Illinois and were conducted in accordance with the NIH Guide for the Care and Use of Laboratory Animals.
Tissue Collection, RIA, and Treatments
Between 115 and 120 days of age, male p27KO, p21 single-knockout (p21KO), and DBKO mice, as well as WT littermates, were anesthetized and perfused first with saline and then with 10% neutral-buffered formalin. The urogenital complex was removed, and the ventral prostate (VP), dorsolateral prostate (DLP), anterior prostate (AP), and seminal vesicle (SV) were separated under a dissecting microscope, weighed, and immersionfixed in neutral-buffered formalin for an additional 48 h. Prostatic lobes from some mice were removed without perfusion and used to obtain RNA. Blood was collected at approximately 1400 h from mice ranging from 90 to 120 days of age, and the serum was separated and stored at Ϫ20ЊC for T and LH RIA.
Serum T concentrations were measured using a tritium-based RIA as described previously [25] . Serum LH concentrations were assayed by the method of Chandrashekar and Bartke [26] . Values for the interassay variation of the T and LH RIAs were between 4% and 8%; the intra-assay variation was less than 15% for both hormones. The sensitivities of the assays for T and LH were 10 pg/ml and 0.12 ng/ml, respectively. Dorsolateral prostates of mice ranging from 120 to 230 days of age were collected to measure DNA content. The DNA was extracted using the QIAamp DNA Mini Kit (Qiagen, Valencia, CA) following the manufacturer's instructions, including the RNase treatment to remove residual RNA. The amount of DNA was then measured by NanoDrop (NanoDrop Technologies, Wilmington, DE).
For T-replacement experiments, 105-to 110-day-old animals were injected daily i.p. with 10 mg/kg per day of T propionate (TP; J.T. Baker, Phillipsburg, NJ) dissolved in corn oil for 10 days and then killed a day after the final treatment. This dose and duration of TP was chosen because it produces maximal effects on prostatic growth and fully restores prostatic weights in adult mice that were neonatally castrated [27] .
Immunohistochemistry
Fixed tissues were dehydrated, embedded in paraffin, and sectioned (thickness, 3 m) for immunohistochemical analysis. Sections were deparaffinized and hydrated, and endogenous peroxidase activity was quenched by 0.3% H 2 O 2 in methanol. Antigen retrieval was performed by boiling sections in 0.01 M citrate buffer (pH 6.0) for 20 min, then allowing them to cool to room temperature. Cell proliferation was assessed using the mouse anti-human Ki-67 antibody (1:3000; Pharmingen, San Diego, CA), and basal cells were detected by rabbit p63 antibody (1:500; Santa Cruz Biotechnologies, Santa Cruz, CA). The Vectastain Elite ABC kit (Vector Laboratories, Burlingame, CA) was used according to the manufacturer's instructions. Immunostaining was visualized using 3,3Ј-diaminobenzidine-tetrahydrochloride (DAB; Sigma, St. Louis, MO) as a peroxidase substrate for 7 min, and sections were counterstained with hematoxylin and then mounted for light-microscopic analysis. Proliferation of epithelial cells was determined by counting the percentage of luminal epithelial cells positive for Ki-67 (ϳ500 cells counted/animal) in the distal tip region. In addition to immunohistochemistry, slides were stained with hematoxylin and eosin to assess histological structure.
TUNEL Assay
Apoptosis was detected in paraffin-embedded sections of WT and knockout DLP using the Fluorescein-FragEL DNA Fragmentation Detection kit (Oncogene, San Diego, CA) following the manufacturer's protocol with slight modifications. After the terminal deoxynucleotidyl transferase labeling step, an antifluorescein antibody conjugated with peroxidase (TU-NEL POD; Roche, Mannheim, Germany) was applied, and immunoreactions were localized by the procedure described above, with DAB as the substrate and methyl green as a counterstain. Apoptosis was quantified by determining the percentage of TUNEL-positive cells (1000 cells counted/ animal) in the epithelium.
Real Time-PCR
Total RNA was isolated using RNeasy Mini Kits (Qiagen). The RNA was diluted in diethyl pyrocarbonate-treated H 2 O and quantified using Gene Quant (Pharmacia Biotech Ltd., UK), and 1 g of total RNA was used for the reverse-transcriptase reaction to synthesize cDNA. Total RNA samples (1 g) were reverse transcribed for 50 min at 42ЊC in a 20-l reaction with 200 U of SuperScript II reverse transcriptase (Invitrogen) and 0.5 g of Oligo(dT) [12] [13] [14] [15] [16] [17] [18] primer following the standard protocol of the manufacturer. The synthesized cDNA was diluted 1:25, and 4 l of this diluted cDNA was used for subsequent 20-l PCR reactions. Next, 2ϫ SYBR Green PCR Master Mix (Applied Biosystems, CA) was used with a final concentration of 300 nM for each forward and reverse primer. Primer sequences for cytokeratin 8, Sbp (i.e., MP25) and cyclophilin were as described previously [28] . Quantitative real-time PCR analysis was done using the ABI Prism 7000 Sequence Detector. The C t (threshold cycle) value was obtained, and the relative amount of amplicon was calculated using methods described in Applied Biosystems User Bulletin 2.
Statistics
All values in the figures are expressed as the mean Ϯ SEM. Values for T and LH were transformed into natural log to obtain normal distribution of the data for parametric analysis. Differences between groups were analyzed by the Student t test or by the general linear model followed by the Dunnett or Tukey test for pairwise comparisons using SYSTAT (SSI, Richmond, CA). All P values were two-sided and considered to be statistically significant at P Ͻ 0.05 and marginally significant at 0.05 Ͻ P Ͻ 0.1.
RESULTS
Body, Prostatic, and SV Weights
Body weights of DBKO mice were increased by 45%, whereas weights of both p27KO and p21KO mice did not show a significant difference compared to WT mice (Fig.  1B) . Because of these differences in body weights between 
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Ϫ/Ϫ (DBKO) mice (A). For comparison, a testis of each respective genotype is displayed above the urogenital complex. Body weight (B) and relative weights of the ventral prostate (C), dorsolateral prostate (D), anterior prostate (E), and seminal vesicles (F) are shown. The DNA contents of dorsolateral prostate also are shown (G). The DNA content, as well as the DNA concentration, was significantly decreased in p21KOs. Data are presented as the mean Ϯ SEM (n ϭ 9 per group). *P Ͻ 0.05 vs. WT.
genotypes, prostatic weights were expressed relative to body weight (Fig. 1, C-F) . Weights of all prostatic lobes and SVs in p27KO mice were not significantly different from those in WT mice. The p21KO mice showed significant decreases of 59% and 27% compared to WT mice in DLP and SV weights (Fig. 1, D and F) , respectively, whereas VP and AP weights (Fig. 1, C and E) showed trends toward a decrease (these did not reach significance). Although testis sizes were increased in DBKO mice [18] , VP, DLP, AP, and SV weights were decreased by 60%, 68%, 68%, and 75%, respectively, compared to those in WT mice (Fig. 1, A and C-F) . Significant decreases in organ weights also were seen when absolute instead of relative weight data were used for statistical analysis (41%, 54%, 55%, and 64% decreases in VP, DLP, AP, and SV, respectively, in DBKO vs. WT). The DNA content was significantly decreased in p21KO mice (67% decrease) and marginally increased in p27KO mice (47% increase, P ϭ 0.07) compared to that in WT mice (Fig. 1G) , and DBKO mice showed a slight trend toward a reduction versus control (34% decrease; P ϭ 0.4 vs. WT).
Epithelial Proliferation and Apoptosis
Epithelial proliferation in VP and DLP was increased by 2-and 3.8-fold, respectively, in p27KO mice compared to WT mice (Fig. 2 ). An 8.7-fold increase was observed in apoptosis in p27KO luminal epithelial cells compared to those of WT mice (Fig. 3) . Also observed was an increased epithelial sloughing into the lumen, and these sloughed cells were positive for TUNEL staining (not shown). Conversely, p21KO mice had a trend toward decreased epithelial proliferation compared to WT mice (2.4% Ϯ 0.3% in p21KO vs. 3.9 Ϯ 0.9% in WT VP) in both prostatic lobes, which is not surprising considering the trend of weight decreases in this group, but this difference was not statistically significant. Apoptosis in p21KO prostate was comparable to that in WT prostate, and prostatic epithelial proliferation in DBKO mice was similar to that in WT mice (Fig. 2) . A trend was found toward increased apoptosis in DBKO mice, but this did not reach significance (P ϭ 0.2) (Fig. 3) . Morphological structure and location of basal cells in DLP of each genotype were assessed by staining for p63, a basal cell marker (Fig. 2C) . These results indicated that the vast majority of cells staining for either Ki-67 or TUNEL were luminal rather than basal cells.
Cytodifferentiation Factors in p27KOs
Mature prostatic ducts are composed mainly of three cell types: luminal secretory epithelial cells, basal epithelial cells, and stromal smooth muscle cells. These cell types can be distinguished by expression of specific differentiation makers. Cytokeratin 8 mRNA expression was used as a marker for luminal epithelial cells [28, 29] . Results from real-time PCR showed that p27KO cytokeratin 8 mRNA was increased 40% compared to WT (3.7 Ϯ 0.3 in WT vs. 5.2 Ϯ 0.3 in p27KO) (Fig. 4A) .
Also called MP25, SBP, a major prostatic secretory glycoprotein in mouse VP [30] , was used as a marker for functional cytodifferentiation of luminal epithelial cells. Although p27KO VPs showed 28% decreases (4.20 Ϯ 0.59 in WT vs. 3.04 Ϯ 0.86 in p27KO) (Fig. 4B) in Sbp mRNA expression, this did not reach statistical significance. Expression of Sbp mRNA relative to that of cytokeratin 8 mRNA, which allows an approximation of Sbp mRNA per epithelial cell, was decreased in p27KO mice by 46% (1.13 Ϯ 0.13 in WT vs. 0.61 Ϯ 0.2 in p27KO) (Fig. 4C) compared to that in WT mice, and this difference was marginally significant (P ϭ 0.08).
Serum T and LH levels
Because an unexpected decrease was observed in prostatic and SV sizes in p21KO and DBKO mice, serum T was measured for all genotypic groups (n ϭ 10-19 per group). All knockout groups showed trends of lower T levels compared to WT mice (0.73 Ϯ 0.16, 0.16 Ϯ 0.06, 0.50 Ϯ 0.12, and 0.20 Ϯ 0.07 ng/ml for WT, p27KO, p21KO, and DBKO mice, respectively) (Fig. 5A ). Both the p27KO and DBKO groups were significantly decreased, but concentrations in p21KO mice were not significantly decreased compared to those in WT mice.
To determine further whether low T levels were caused by functional defects in Leydig cells or other reasons, serum LH levels were measured. The LH values in all knockout groups were not statistically different compared to those in WT mice (Fig. 5B) .
T Replacement
To establish whether T supplementation could increase prostatic and SV weights, mice of all genotypes were treated with TP. The dose and duration of TP used in the present study were sufficient to produce maximal effects on growth of accessory sex organs; therefore, it would be expected to restore prostatic and SV weights of p21KO and DBKO mice if the growth deficits in these organs resulted from low T. No significant differences were found in prostatic and SV weights of TP-treated p27KO mice compared to TP-treated WT mice (Fig. 6) . The effects of TP on prostatic weight of p21KO mice were minimal. Similar to vehicletreated groups, DLP and SV weights of TP-treated p21KO mice were significantly smaller than those of TP-treated WT mice. Both VP and AP weights of vehicle-treated p21KO mice were not different from those of the vehicletreated WT group. However, the TP-treated p21KO VP and AP weights were statistically less than in the TP-treated WT mice because of a greater increase in prostatic weight after TP treatment in WT. Treatment with TP increased the prostatic weight of DBKO mice (1.9-to 2.9-fold increases vs. vehicle-treated mice). However, prostatic and SV weights still remained significantly smaller compared to TP-treated WT mice.
Percentages of TUNEL-positive epithelial cells were 0.7% Ϯ 0.4% and 0.7 Ϯ 0.2% in p27KO DLP with and without TP treatment, respectively. Similarly, no significant differences were found in the percentages of apoptotic cells with or without TP treatment in WT, p21KO, and DBKO mice (not shown).
DISCUSSION
Regulation of the cell cycle is important in prostatic development, growth, and differentiation. The CDKIs may have relevance for understanding major prostatic diseases, in that p27 and p21 expression are altered in prostatic can- cer and BPH. In the present study, we have shown that lack of p27 and/or p21 in mice led to abnormal proliferation and cell death of luminal prostatic epithelial cells as well as abnormal prostatic weights, partly caused by unexpected T deficiency.
The loss of p27 increased prostatic epithelial proliferation without producing prostatic organomegaly, confirming previous findings of Cordon-Cardo et al. [13] . The increased prostatic epithelial proliferation is normally expected to occur in an environment where T is increased or at least normal. However, this increased proliferation in p27KO mice is even more notable, because it occurs in animals with significantly decreased T concentrations, as discussed below. Consistent with the wet weight, the prostatic DNA content in p27KO mice was not significantly increased. Our results indicate that epithelial apoptosis in p27KO prostate was increased, which may be responsible for the lack of a clear prostatic organomegaly despite increased epithelial proliferation. In addition, an increase was seen in sloughed epithelial cells in the lumen, which also stained positively with TUNEL.
Whether increased epithelial apoptosis resulted from direct effects of p27 deficiency or indirect increases secondary to decreased T was initially unclear. However, the results from the T replacement experiment, in which no difference was observed in apoptosis between vehicle-and TP-treated p27KO groups, indicate that the decreased level of T in p27KO compared to WT mice is unlikely to explain the increased apoptosis. Therefore, the increased apoptosis in p27KO prostate appears to result from effects in the prostatic epithelium itself rather than from secondary effects on trophic hormones. A number of laboratories have reported that p27 deficiency leads to increased apoptosis in some cell types [31] [32] [33] [34] , but the mechanism of this effect remains unclear (for review, see [35] ).
Waltregny et al. [10] have shown that prostatic epithelial proliferation after androgen treatment of a castrated rat was associated with decreased p27. Our findings showing increased prostatic epithelial proliferation in p27KO mice are consistent with their results, and our data emphasize the importance of p27 as a major inhibitory regulator of prostatic epithelial proliferation. Loss of p27 expression is a negative prognostic marker for prostate cancer (for review, see [36] ), because decreased p27 expression is associated with tumor aggressiveness [37] [38] [39] . However, the prostatic phenotype of p27KO mice indicates that lack of p27 is not, in itself, sufficient to cause prostatic overgrowth.
Androgen treatment of castrated rodents induces a transient burst of high epithelial proliferation, but this subsequently falls to a baseline level even in the presence of continuous androgen stimulation. The sharp diminution of prostatic epithelial proliferation following the initial mitotic burst resulting from androgen replacement is associated with increased p27 [10] . However, the ability of exogenous T to partially restore growth but not produce excessive overgrowth in p27KO and DBKO mice indicates that the increase in p27 may not be the only factor important for termination of the transient high epithelial proliferation that occurs initially following androgen replacement and that other factors may be involved as well [40] .
The relative mRNA expression of cytokeratin 8, a marker for luminal epithelial cells [29] , suggested an increase in luminal epithelial cells in p27KO compared to WT mice. Thus, despite the increased epithelial apoptosis in p27KO mice, the large increases in prostatic epithelial proliferation may produce an organ in which the epithelial:stromal ratio has been increased. Functional cytodifferentiation of epithelial cells, analyzed by mRNA expression for Sbp, an epithelial secretory protein, showed a trend toward a decrease in p27KO mice, although this did not reach statistical significance. The ratio of Sbp to cytokeratin 8 mRNA expression, which represents an approximation of Sbp mRNA production per luminal epithelial cell, showed a stronger trend toward a decrease compared to WT and was marginally significant. From our previous immunohistochemical findings, p27 protein is highly expressed in all prostatic lobes and SVs in normal adult mouse, but we have not found it to be present in prostatic buds of prenatal mice (unpublished results). This suggests that p27 is mainly expressed in differentiated, mature prostatic epithelial cells but not in immature prostate. It has been reported that onset of p27 expression also is associated with terminal differentiation in Sertoli cells [17] and adipocytes [41] . The trend toward decreased Sbp mRNA production in p27KO prostate indicates that prostatic epithelial cells in the p27KO mice may not achieve full functional differentiation.
To our knowledge, no previous studies have described the prostate in p21KO mice. Along with p27, p21 is an important determinant of Sertoli cell [18] and adipocyte number [20] . In addition, p21KO mice develop spontaneous tumors in various tissues at approximately 16 mo of age [42] . Thus, increased cell proliferation and/or hyperplasia also were possible in p21KO prostates. Unexpectedly, however, p21KO mice had reduced DLP and SV relative weights compared to those in WT mice, although the VP and AP relative weights were not smaller. The DNA content also was decreased in DLP, which suggests that the overall weight reduction results from decreased cell numbers. In addition, DNA concentration was reduced in p21KO mice, indicating that changes in cell size or amount of secretions also may result from loss of p21. Epithelial proliferation showed a trend toward a decrease compared to that in WT mice, suggesting that p21 is not as critical as p27 for inhibiting prostatic epithelial proliferation. Testosterone levels in p21KO mice were comparable to those in WT mice, and further TP replacement did not increase prostatic and SV weights. In adult rodent prostate, p21 protein is not expressed, or is only slightly expressed, but it is transiently expressed during development. Lack of p21 expression during prostatic development may alter prostatic differentiation and, thus, affect ultimate growth and hormonal responsiveness.
Although preliminary immunohistochemical analysis revealed no obvious increases of p27 in p21KO prostate (not shown), p27 or other cell-cycle inhibitory factors still present may compensate for p21 and inhibit further epithelial proliferation on TP treatment. Although redundant roles for these CDKIs are known, single-knockout mice showed distinctly different phenotypes, suggesting unique roles for p21 and p27 in prostatic cell proliferation and differentiation.
Additive or synergistic effects of p21 and p27 loss are observed on body weight [20] , as confirmed by our data, and in other cell types [18] [19] [20] . Based on the known expression of both p27 and p21 in prostate, we predicted additive or synergistic prostatic effects of p21 deficiency in an animal already lacking p27. Therefore, the decreases in prostatic weight in DBKO mice were unexpected. The smaller accessory organs in DBKO mice may be caused, at least in part, by lack of T, which normally would increase the LH negative-feedback mechanism. However, serum LH was not different in knockout compared to WT mice. The absence of increased LH suggests that a functional alteration exists in the pituitary or feedback loop. The p27KO mice develop intermediate-lobe pituitary tumors [21, 22] , which also have been observed in DBKO mice (unpublished results), consistent with a functional pituitary deficit. The decreased T in the knockout mice indicates that a functional Leydig cell deficit may exist as well.
The T-treatment experiment confirmed that decreased prostatic and SV weights result, at least in part, from decreased T levels in DBKO mice, because T injection increased the weights of these organs to a level two-to threefold greater than that of the vehicle-treated DBKO mice. Our preliminary results also indicated an increase in epithelial proliferation. Nonetheless, prostatic and SV weights did not recover fully and remained smaller compared to those in WT mice even after extended T treatment.
Several possibilities could explain this. Both p21 and p27 may have important, positive roles in cell proliferation and normal prostatic development, such that absence of p21 and p27 results in decreased prostatic weight despite normal androgen levels. The CDKIs also can be activators of the cell cycle, in that primary mouse embryonic fibroblasts lacking both p21 and p27 fail to correctly assemble cyclin D/CDK [43] . Because of this and other findings, roles for both p21 and p27 in cell-cycle regulation have been considered to be far more complicated than simple cell-cycle arrest at the G 1 /S restriction point [35, 43, 44] . Although low androgen levels are involved in decreased prostatic and 957 p27 AND p21 IN PROSTATIC DEVELOPMENT SV weights of DBKO mice, failure of cyclin D/CDK complex assembly may still occur in these epithelial cells and contribute to growth deficits of the DBKO prostate. The possibility also exists that low T levels during the critical period of prostatic development may alter the normal response to androgens even later, in adults, possibly by downregulating the androgen receptor. We have not measured T or LH levels in neonatal mice. However, anogenital distances of all knockout groups were not significantly different from that of WT mice at Postnatal Day 10 (unpublished results), which indicates that neonatal T may not be decreased.
Bryja et al. [45] recently demonstrated that T production by Leydig cells of 10-to 11-wk-old p27KO mice was greater than that of WT controls, suggesting the loss of p27 might inhibit Leydig cell differentiation and stimulate Leydig cell function. Our findings with prostatic epithelium are similar, in that they also emphasize the role of p27 in differentiation. However, the explanation for the apparent discrepancy of our results and those of Bryja et al. regarding T production is unclear. Their use of younger animals compared to our adult mice or different sources of knockout mice could be a factor.
In summary, lack of p27 leads not only to increased prostatic epithelial proliferation but also to increased epithelial cell loss, which precludes increases in prostatic weight and DNA content despite epithelial hyperplasia. Lack of p21 did not lead to significant changes in epithelial proliferation and resulted in slightly smaller DLP and SV weights compared to those in WT controls. This suggests that the two CDKIs have different roles in prostatic epithelial proliferation. Deletion of both p27 and p21 resulted in decreased prostatic growth. The marked decreases of T levels in knockout mice were unexpected, and they indicate that p27 and/or p21 also may have important roles in Leydig cell development and function. Decreased prostatic growth in DBKO mice was caused, at least in part, by T deficiency; however, other factors also may be involved.
